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Memory Organization Allowing Single Cycle Pointer Addressing Where the 
Address of the Pointer is Also Contained in One of the Memory Locations 

Field of the Invention 

[001] The invention relates to the field of microcontroller memory organization and 
more specifically to the field of memoty organization that facilitates access using reduced 
clock cycles. 

Background of the Invention 

[002] Generally, for SOS 1 microcontrollers, known to those of skill in the art, there are 
two different sets of memory. One is an instruction memory for storing of instruction data 
for execution by a processor and the other is a data memory for storing and retrieving of 
data for use by the instructions. Some of the instructions that are processed by ibe 
microcontroller are pointer based instructions. The microcontroller, in executing of these 
instructions, reads a first pointer address that is used for accessing of a first memory 
location. Typically, the pointer address is indicative of the first memory location or of an 
of&et to the first memory location. At the first memory location, a second pointer address 
is stored. This second pointer address is read by the processor to access data stored at a 
second memory location, which is pointed to by the second pointer address. In 
completing the pointer based memory access cycle, the processor uses two memory 
access operations in order to retrieve the data, where both of these memory access 
operations are clock dependent and as a result, the execution time of the pointer based 
instruction is dependent upon the clock frequency and the speed of the memory within 
which tile first and second memory locations are found. 

[003] In order to decrease processing time and in order to decrease power 
consumption of microcontrollers, a decrease in instruction execution time as well as a 
dearease in memory access operations are prefened. A need therefore exists for 
providing a microcontroller architecture that allows for single clock cycle data memory 
access operations. It is therefore an object of the present invention to provide a 
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microcontroller architecture that facilitates pointer memory access operations in a smgle 
clock cycle. 

Summary of the Invention 

[004] In accordance with the invention there is provided a microcontroller architecture 
comprising: a processor for processing of instraction data comprismg memory access 
instructions for accessing of a memory circuit; at least a pointer memory circuit for 
storing of apointer address forming part of the instruction data; at least a pointer register 
for storing a duplicate of the pointer address; and, a control circuit for detemiinii^ 
whether one of a read operation from the at least a pomter memory circuit and a write 
op«ation to the at least a pointer memory circuit is to take place, wherein for a write 
operation the control circuit stores the pointer address in the at least a points memory 
and automatically stores a duplicate in the at least a pointer register and where for a read 
operation the control circuit utilizes the at least a pomter register to access data pointed to 
by a target pomter address derived from the pointer address stored therein and other than 
accesses the at least a pointer memory* 

[005] In accordance with the invention there is provided a method of pointer based 
addressmg comprismg the steps of: providing at least a pomter memory; providing at 
least a pointer register, storing of a pointer address data in the at least a pointer memory; 
and, upon storing of a pointer address data in the at least a pointer memory, automatically 
storing a duplicate pointer address data, vMch is a duplicate of the pomter address data, 
in the at least apointer regist^. 

[006] In accordance with the invention there is provided a storage medium having 
data stored thereon, the data for implementation of a processing system comprising: first 
instruction data for providing at least a pointer memory; second instruction data for 
providing at least a pointer register; third instruction data for upon storing of a pointer 
address in the at least a pointer memory, automatically storing a duplicate pointer 
address, which is a duplicate of the pointer address, in the at least a pointer register; 
fourth instruction data for receiving a memory access request to a memory location 
within a memory for retrieving of data stored at the memory location addressed by the 
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pointer addiess; fifth instruction data for retrieving of the duplicate pointer address firom 
flie at least a pointer register; and, 

[007] sixth instruction data for accessing the memory using a target pointer address 
derived from the duplicate pointer address and other than using a target pointer address 
derived from the pointer address stored in the at least a pointer memory. 

Brief Description of the Drawings 

[008] Exemplary embodiments of the invention now be described in conjunction 
with the following drawings, in which: 

[009] FIG. 1 illustrates an EDATA access logic block in accordance wilh a preferred 
embodiment of the invention; 

[0010] FIG. 2 illustrates a single pointer register block, where for tibie architecture 
shown in FIG. 1, this pointer register block is implemented four times as first through 
fourth pointer registers; 

[0011] FIG. 3 illustrates a pointer multiplexer (MUX) block for receiving of data 
signals from each of the pointer registers; 

[0012] FIG. 4 illustrates an input MUX block, which is used to provide data signals, 
dmO through dm3, to four ERAM blocks and to the four pointer register blocks; 

[0013] FIG. 5 illustrates an output MUX block, which is used to select data signals that 
are to be propagated from ihe oxstput ports of the EDATA access logic block; 

[0014] FIG. 6 illustrates a source select block, which is used to provide output signals 
to input ports of the input MUX; and, 

[0015] FIG. 7 outlines steps that are utilized for accessing of the pointer registers and 
of the pointer memory. 
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Detailed Description the Invention 

[0016] FIG. 1 iUustrates a 80C51 MXl core ® microcontroller architecture for 
manufacturing by PhiUps semiconductors, comprising an extended data (EDATA) 
random access memory (RAM) access logic block (EDATA access logic block) 100 in 
accordance with aprefened embodiment of the invention. A processor 101 is disposed 
external to the EDATA access logic block 100 and coupled therewith for providing 
processing resources. Four RAM circuits (ERAMs) 103a through 103d, are disposed 
external to the EDATA access logic block 100, where the ERAMs 103a through 103d are 
used for implementing of the pointer memory used for accessing of EDATA RAM 105. 
A clock circuit 104 provides a clock signal (elk) to circuit blocks disposed within the 
EDATA access logic block 100, as well as to the EDATA RAM 105 and to the ERAMs 
103. 

[0017] Disposed within (be EDATA access logic block 100 is a control block 102, four 
pointer registers 200a through 2pOd, an input MUX block 400, an output MUX block 
500, a pointer MUX block 300, and a source select block 600. . The EDATA access logic 
block 100 is for accessing of the EDATA RAM 105. The fiinctions of each of these 
blocks will be better understood with a review of their input signals and output signals 
and respective figure, as is described in more detaU hereinbelow. Table 1 summarizes the 
input signals provided to the control block 102 ftom the processor 101. 

[0018] The seq_eoi input signal is dependent upon an end of instruction flag ftom the 
processor. This iriput signal is used to determine when to write data to the ERAMs, 1 03a 
through 103d, and to the pomter register^ 200a through 200d. 

[0019] Table 2 is a summary of the output signals provided ftom the control block 102 
to the pointer registers 200a through 200d and to the ERAMs 103a through 103d. 
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Name 


Diraction 


Width 


Function 


csfrjsp 


IN 


16 


Stack Pointer current value. 


csfr_rs 


IN 


2 


Bank select bits (RS1, RSO). 


idjsfojadr 


IN 


8 


Thai data source address for the current 
instruction, if it is of type Rn, Ri, PRi, direct, or 

bit 


Idjdes^adr 


IN 


8 


1 ne uaia aesunauon aaaress lor ine curreni 
instruction, if it is of type Rn, Ri, PRi, direct, or 
bit. 


seqjeoi 


IN 


1 


End of instruction flag, used to determine when 
to write data to the ERAM and pointer register 
bloclcs. 



Table 1: Input signals provided to tlie control block. 



1 

Name 


Direction 


Widtli 


Function 


raO 


OUT 




Read and write address for eramO. 


ral 


OUT 




Read and write address for erami . 


ra2 


OUT 




Read and write address for eram2. 


ra3 


OUT 




Read and write address for eramS. 


ram_rdO_n 


OUT 




Read strobe for eramO. 


ram_rd1_n 


OUT 




Read strobe for erami . 


ram_rd2_n 


OUT 




Read strobe for eram2. 


ram_rd3_n 


OUT 




Read strobe for eramS. 


ram_wrO_n 


OUT 




Write strobe for eramO. 


ram_wr1_n 


OUT 




Write strobe for erami . 


ramjwr2_n 


OUT 




Write strobe for eramZ. 


ramjwr3_n 


OUT 




Write strobe for eramS. 


ptr_rd_adr 


OUT 




Pointer register read address. 


ptrjwrO_n 


OUT 




Write strobe for ptr_regO. 


ptrjvr1_n 


OUT 




Write strobe for ptr.regl . 


ptrjwr2_n 


OUT 




Write strobe for ptr_reg2. 


ptr_wr3_n 


OUT 




Write strobe for ptr_reg3. 



Table 2: Control block output signals to the pointer registers and to the ERAMs 
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[0020] The read and write address signals, raO through ra3 are provided both to the 
respective ERAMs, 103a through 103d, and to the respective pointer registers, 200a 
through 200d. Thus, the read and write address signal raO is provided to the first ERAM 
1 03a and to the first pointer register 200a, tfie ral signal is provided to the second ERAML 
103b and to the second pointer register 200b, the ra2 is provided to the third ERAM 103c 
and to the third pointer register 200c, and the ra3 signal is provided to the fourth ERAM 
1 03d and to the fourth pointer register 200d. The read strobe signals, ram_rd0ja ttirough 
rani_rd4_n, and the write strobe signals ram_wrO_n through ram jwr4_n, are only 
provided to the respective ERAMS. The pointer registers 200a through 200d, aie 
provided with a respective write strobe signal, ptr_wrO_n through ptr_wr3 jn, and a same 
pointer register read address signal, ptrjrdjadr. 



Name 


Direction 


Width 


Function 


in_mux_sel 


OUT 


2 


Controls the input data mux. 


out_mux_seI 


OUT 


2 


Controls the output data 
mux. 


ptrJncjcH 


OUT 


3 


Controls the pointer 
Incrementer. 


src_niux_sel 


OUT 


1 


Controls the data select 
mux. 


ptr_miixjsel 


OUT 


3 


Controls the pointer mux. 



Table 3: Output signab provided from the control block to other circuit blocks 
forming the EDATA access logic block 

[0021] The output signals summarized m Table 3 that are provided from the control 
block are used to control other circuit blocks within the EDATA access logic block 100, 
as will be apparait when the functions of these circuit blocks are discussed in more detail 
hereinbelow. 

[0022] FIG. 2 illustrates a single pointer register block 200, where for the architecture 
shown in FIG. 1 , this pointer register block is implemented four times as pointer registers 
200a through 200d. Each pointer register block prefembly stores eight bytes of data, 
which are used to mirror banked registers RO through R7 that are stored in the ERAMs 
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103a through 103d. A first pointer register block stores all foxa register banks of registers 
RO and R4, a second pointer register block stores all four register banks of registers Rl 
and R5, a third pointer register block stores all four register banks of registers R2 and R6, 
and a fourth pointer register block stores all four register banks of registers R3 and R7. 
Data, dmO through dm3, is input into each pointer register block, 200a through 200d, 
which is the same data as for the corresponding ERAM block from the ERAMs 103a 
through 103d. . A pointer read address is provided from the id_srcjadr or id_dest_adr 
signals, as received by the control block 102. Input and output signals to and fiom the 
single pointer register block are summarized in Table 2. 



Name 


Direction 


Width 


Function 


dm(i) 


IN 


8 


Input data to the pointer register This is the same data 
received by the corresponding ERAM blocl<. 


ptr_rd_adr 


IN 


3 


Pointer register read address. 


ptrjwrjadr 


IN 


3 


Pointer register write address. 


ra(i) 


IN 


3 


Three bits of the ERAM read and write address. 


elk 


IN 


1 


CPU clock input 


reset 


IN 


1 


Chip reset input 


ptr_wr(i)_n 


IN 


1 


Write strobe for the pointer register. 


seqjeoi 


IN 


1 


End of instruction flag, which is used to determine 
when write data to the registers. SeqLeoi is asserted 
while wr_n is low for a write to occur at the next rising 
edge of clk. 


Pd(i) 


OUT 


8 


Ou^ut date from the pointer register Date from the 
pointer register corresponding to the current value of 
ptr_rd_addr is output continuously. 



Table 4: Summary of input and output signals provided to and from the single 

pointer renter block 



[0023] Ou^ut signals pdO through pd3 are provided from the pointer registers to four 
input ports disposed on the points MUX 300. 

[0024] FIG- 3 illustrates the pointer multiplexer (MUX) block 300. Input and output 
signals provided to and &om Ae pomter multiplexer (MUX) block are summarized in 
Table 5. The pointer MUX block receives data signals, pdO, pdl, pd2, and pd3 firom each 
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of the pointer registers, 200a through 200d. Within this block, selection is perfonned of 
the pointer register output data that are to be used for indirect memory addressing 
operations. Furthermore, ofifeets in the pointer register data take place within the pointer 
MUX block 300 in order to make offset adjustments to univca^al pointer values. The 
ed_uptr output signal, or target pointer address, is either the sum of a univeisal pointer 
value and an offset, which is 2-bit immediate data, or an 8-bit pointer register value 
padded with zeroes to have a length of 24-bits, as detennined by the ptr_mux_sel signal 
received firom the control block. The taiget pointer address is used during indirect 
memory access operations, where this target pomter address is provided to both the 
control block 102 and to an input port disposed on the source select block 600. 



Name 


Direction 


Width 


Function 


pdO 


IN 


8 


data from ptr^regO 


pd1 


IN 


8 


data from ptr_reg1 


pd2 


IN 


8 


data from ptr_reg2 


pd3 


IN 


8 


data from ptr_reg3 


ptr_mux_sel 


IN 


3 


Controls the pointer mux, selecting between an 8- 
bit, zero-padded pointer value, and a24-btt 
universal pointer value. 


ptrjnc_ctl 


IN 


3 


Controls tlie pointer increment value during EMOV 
and ADD PRI, #data2 instructions. 


ed^uptr 


OUT 


24 


Pointer target address during Indirect operations. 



Table S: Summaiy of input and output signals provide to and from the pointer 

multiplexer (MUX) block 



[0025] FIG. 4 illustrates an input MUX block 400, y/tdch is used to provide data 
signals, dmO through dm3, to the four ERAM blocks, 103a through 103d, and to the four 
pointer register blocks, 200a through 200d, Table 6 sununaiizes the input and output 
signals provided to and fix>m the input MUX block 400. 
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Name 


Direction 


Width 


FuncUoji 


alu_src 


IN 


8 


r^uu uuipul udid, usea in sianQara o-Dit operations. 


srcjow 


IN 


8 


The low byte of ed_uptr or acujsc during universal pointer 

or stsolt nnorsif tnne 


src_mid 


IN 


8 


1 1 ic iiiiuuie uyvs or ea^upiT or acujjc uunng universal 
pointer or stack operations. 


src_high 


IN 


8 


The high byte of ed_uptr or acu_pc during universal pointer 
or stacic operations. 


in^muxjsel 


IN 


2 


Controls the input data MUX 


dmO 


OUT 




usasi proviaea to eramo and ptrjregO. 


dml 


OUT 


8 


ipata provided to eram1 and ptr_reg1. 


dm2 


OUT 


8 


Data provided to erantZ and ptr_reg2. 


dm3 


OUT 


8 


Data provided to eramS and ptr_reg3. 



Table 6: Summary of input and output signals provide to and from 

the input MUX block 

[0026] Data signals dmO, dml , dm2 and dm3 are provided to the respective ERAM and 
pointer register blocks, as illustrated. The input MUX block 400 also performs 
manipulation of four input bytes, alu_src, srcjow, src_mid, and srcjiigh, for aUgning 
these bytes into a predetermined byte alignment for use m a current instruction operation. 
For standard 8-bit operations, alu_src ixq>ut signal is selected. The other input signals, 
srcjow, src_mid, and srcjiigh are provided to input ports of the input MUX blodc 400 
for supporting pointer and stack operations. The alu_src input signal is provided fiom an 
arithmetic logic unit (not shown). An mput data MUX control signal (in_mux_sel signal) 
is provided to an input port of the input MUX block fiom the control blodc 102 for 
selectmg of whether data bits for the data signals dmO, dml, dm2 and dm3 are to be 
selected from the alu_src input signal, or fiom the other iiqjut signals, srcjow, src_mid, 
and srcjiigh. 

[0027] FIG. 5 illustrates an output MUX block 500, where this block selects values for 
a program counter (PC) that are to be propagated from the output ports 100a and lOOb of 
the EDATA access logic block 100. The output MUX block performs an operation of 
rotating the 4 input bytes, rdO, rdl, rd2, and rd3, received fiom the respective ERAMs, 
into a predetermmed aUgnmeut for a current operation of the EDATA access logic block 
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100, The input and output signals that are provided to and from the ou^ut MUX 500 
summarized in Table 7. 



are 



Name 


Direction 


Width 


Function 


rdO 


IN 


8 


Data from eramO. 


rdl 


IN 


8 


Data from eraml. 


ra2 


IN 


8 


Data from erana. 


rd3 


IN 


8 


Data from eramS. 


out_mux_sel 


IN 


2 


Controls the output data mux. 


ed_pc 


OUT 


15 


Provides the upper 1 5 bits of the PC value to be 
restored during a return instruction. 


edjsrc 


OUT 


8 


Da^ read from the EDATA access logic block appears 
m this signal. It also provides the lower byte of the PC 
value to be restored during a return instruction 



Table 7: Input and output signals provide to and from the output MUX block 

[00281 The control block 1Q2 provides an output MUX control signal (out_mux_sel 
signal) to the output MUX 500, where this input signal provides the predetennined 
aUgnment of bytes foe a current operation of the EDATA access logic block 100. Two 
output ports disposed on the output MUX provide a higher 1 5 data bits (ed_pc) and lower 
8 data bits (ed_src) for the PC value for bemg restored durujg a return from mterrupt 
instruction. 



FIG. 6 illustrates a source select block 600. where the source select block has output ports 
fiw providmg the src_high, src_mid and srcjow output signals that are provided to input 
ports of the mput MUX 400. A first input port disposed on the source select block 600 is 
for recdvmg a next program address derived irom a current program counter value plus a 
length of a current mstruction. A second mput port disposed therein is for leceivmg a 
pomter target address for use during mdhect access operations (ed_uptr signal). A 
selection signal (sic_mux_sel signal) is provided to a third mput port of the source select 
block 600 from the control block 102. The selection signal determines which of the • 
srcjiigh, src_mid and srcjow output signals have data bits therem derived from the 
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input signals received from at least one of the first and second input ports of the 
select block 600. Input and output signals provided to and from the select block 600 
summarized in Table 8, 



source 
are 



Name 


Direction 


Widtli 


Function 


acu_nextjjc 


IN 


23 


The next program address from the ACU (the 
current Program Counter contents plus the current 

iiiduuulun lefiyui/. 


ed_uptr 


IN 


24 


Pointer target address during Indirect operations. 


src_mux_sel 


IN 


1 


Selects Input signals for the source MUX 


srcjiigh 


OUT 


8 


High byte output of the mux, either acu dc or 
ed_uptr. 


sreunld 


OUT 


8 


IVIiddle byte output of the mux, either acujpc or 
ed_uptr. 


8rp_low 


OUT 


8 


Low byte output of the mux, either acu jc or 
ed^uptr. 



Table 8: Input and ou^ut signals provide to and 
from tile source select block 

[00291 Input signals provided to the ERAMs are summarized in Table 9, where these 
input signals are received from output ports disposed on the control circuit 102 and from 
the input MUX 400. A majority of these input signals are received from the control block 
102, but the ed_dmO through ed_dm3 input signal are received from the dmO through 
dm3 ou^ut signals of the input MUX. 400. A clock, elk, input signal is also provided to 
the ERAMs 103. 

[0030] In order to allow, single cycle operation with Pointer accesses, the area of 
memory that has stored therein the addresses used by the pointers is "shadowed." In 
shadowing, a diipUcate memory is created using pointer registers, 200a through 200d, 
instead of using random-access memory components. Of course, just like with non- 
shadowed memory, before a pointer is used for memory or register access, prior 
initialization thereof is performed. Writing to the address of that pointer performs this 
initialization. In the process of writing to the memory address of the pointer, the pointer 
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registers, 200a through 200d, are witten to as well Table 9 summarizes the input and 
output signals provided to the ERAMs. 



INalYiO 


Direction 


Width 


Function 


ed_raO 


OUT 


14 


Address output to eramO. 


ed_ra1 


OUT 


14 


Address output to eraml. 


ed_ra2 


OUT 


14 


Address output to eram2. 


ed_ra3 


OUT 


14 


Address output to eram3. 


ed_ram_rdO_n 


OUT 




Read strobe for eramO. 


ed_ram_rd1_n 


OUT 




Read strobe for eraml. 


ed_ram_rd2_n 


OUT 




Read strobe for eram2. 


ed_ram_rd3_n 


OUT 




Read strobe for eram3. 


ed_ramjwrO_n 


OUT 


^ 


Write strobe for eraml . 


1 di 1 1 wr 1 n 


UUT 




Write strobe for eraml . 


ed_ram_wr2_n 


OUT 




Write strobe for eram2. 


ed_ramjwr3_n 


OUT 




Write strobe for eram3. 


ed^dmO 


OUT 


8 


Data output to eramO. 


ed_dm1 


OUT 


8 


Data output to eraml. 


ed_dm2 


OUT 


8 


Data output to eram2. 


ed_dm3 


OUT 


8 


Data output to eramS. 



Table 9: Input signals provided to tbe ERAMs 



10031] When a RAM access operation is perfonned to read the contents of a pointer 
stored in the pointer memory, it is the shadow memory implemented using the pointer 
registers, 200a through 200d, that is read and is used for returning of the pointer address 
data value stored therein. Referring to FIG.' 7. upon storing of a pointer address in the 
pointer memory, a duplicate pomter address, which is a dupUcate of the pointer address, 
is automaticaUy stored in the pointer register, step 701 . Since writing to memory 
locations reserved for pointer addresses results in corresponding pointer memory 
locations to be written to with the same data, coherency is always maintained between the 
pointer memory and die pointer registers. Of course, coherency is not maintained at 
power up when the pomters are uninitialized. Since the behavior of an uninitialized 
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pointer is iinpredictable, it is similar to that of an uninitialized location in pointer 
memory. In step 702, a memory access request to a memory location is received for 
retrieving of data stored at the memory location addressed by the pointer address. Thus, 
m step 703, the duplicate pointer address is retrieved from the pomter register, and in step 
704, the random access memory is accessed using a target pointer address derived from 
the duplicate pointer address and oflier than using a target pomter address derived ftom 
the pointer address stored in the pointer memory. 

[0032] Smce the pointer registers are other than implemented in random access 
memory circuits, a pointer memory read operation involves multiplexing the appropriate 
value of a target pointer address from these pointer registers, where this target pointer 
address is then used for a read or write operation to the random access memory; This 
obviates a need for the overhead of two clock cycles. The savings in clock cycles is a 
result of register access being purely combinatorial and not utilizmg clock and phase 
related timing, as is the case with access to the random access memory. Thus, 
combinatorial logic is implemented such that it enables the pointer multiplexer within the 
set-up time of the ERAM thereby saving a clock cycle and a memory access operation. 
The input MUX block 400 and the pomter MUX block 300 are not clock circuit gated, as 
is the ERAM, thus setup time of these circuits is not clock dependent Since the pointer 
memory (ERAMs) are written to simultaneously as the pointer registers, the control 
cireiiit block provides sujQScient setup time for pointer memories. The setup time allows 
for settmg up of address bits to flie pointer memories 103a through 103d and for ensuring 
that fbe pointer write addresses, dmO through dm3 ftom the input MUX block 400 are 
valid before being written to the pointer registers 200a through 200d and to the pointer 
memories 103a through 103d. 

[0033] The embodiment of the invention realizes "one-clock" operation, where 
instructions are executed in one clock cycle with the exception of instructions that require 
more than one program memory access, such as conditional branches. As a result of the 
predominant one-clock operation, cost savings are realized in end-user products since the 
power savings is directly proportional to clock frequency. Furthermore, a lower clock 
frequency provides lower electromagnetic interference (EMI), since EMI is proportional 
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to clock frequency, thus requiring less system components. In addition, since products 
based on this family are intended to be produced using a 0.18 micron flash process, yield 
savings are realized from a resulting decrease in die size for a given set of features. 

[0034] By shadowing of the memory regions of the ERAM, different length pointer 
operations are executable at any byte boundary. Pointer address generation logic circuitry 
disposed within the control block generates the appropriate address signals and strobe 
signals to perform memory access that is specified in a current instruction being executed 
by tiie processor. Typically, the instruction being executed involves an 8-bit, 16-bit, or 
24-bit argument length. AdditionaUy, single cycle read-modify write is supported by the 
EDATA access logic block 100, which aUows the pointers registers to write back pointer 
data to their own storage locations as well as to the pointer memory ERAM. 

[0035] Numerous other embodiments may be envisaged without departing from tiie 
spirit or scope of the invention. 
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Claims 

What is claimed is: 

1 . A microcontroller architecture comprising: 

a processor for processing of instruction data comprising memory access 
instructions for accessing of a memory circuit; 

at least a pointer memory circuit for storing of a pointer address forming part of 

the instruction data; 

at least a pointer register for storing a duplicate of the pointer address; and, 
a control circuit for determimng whether one of a read operation from the at least 
a pointer memory circuit and a write operation to tiie at least a pointer memory circuit is 
to take place, v*erein for a write operation tiie control circuit stores tiie pointer address in 
the at least a pointer memory and automatically stores a duplicate in tiie at least a pointer 
register and where for a read operation die control circuit utilizes tiie at least a pomter 
register to access data pointed to by a target pointer address derived from tiie pomter 
address stored therein and other than accesses the at least a pointer memory. 

2. A microcontiollar architecture according to claim 1, comprisdng a pointer 
multiplexer block having at least an mput port coupled to the at least a pomter register fa 
receiving a pomter address and an output port for providing tiie pointer target address 
used for indirect addies^ operations of data stored within the m^ory circuit 

3. A microcontroUer architecture accordmg to clahm 2, comprismg a source select 
block having a first input port for receivuag a next program address derived from a 
current program counter value plus a lengtii of a current instruction, a second input port 
for receivmg flie pomter target address from tiie pointer multiplexer block, a tiiird input 
port for receiving a selection signal from tiie control circuit for determimng which data 
bits from tiie at least one of flie input signals received at tiie first and second input ports 
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are to be used for providing of pointer data output signals from output ports of the source 
select block. 

4. A microcontroller architecture according to claim 3, wherein tiie at least a pointer 
register comprises a plurality of pointer registers, the microcontroller architecture 
comprising an input multiplier having input ports coupled to the output ports of the 
source select block for receivii^ of the pointer data output signals tiierefiom, and for 
receiving of an input data multiplexer control signal from tiie control block, the input 
multiplexer control signal for determining which data bits derived from the pointer data 
output signals are to be used in forming of the pointer address for storage in the plurality 
of pointer registers. 

5. A microcontroller architecture according to claim 4, wherein the at least a pointer 
memory circuit comprises a plurality of pointer memory circuits, the microcontroller 
architecture comprising an ou^ut multiplexer having input ports coupled to plurality of 
pointer memory circuits for receiving of data bits derived from the stored pointer address 
stored within the plurality of pointer memory circuits and having an output port for 
providing a program counter value for being restored during a return from interrupt 
instruction. 

6. A microcontroller architecture according to claim 5, wherein the pointer 
multiplexer and the output multiplexer and the input multiplexer are other than clock 
circuit gated. 

7. A microcontroller according to daim 1, comprising a clock circuit having a clock 
cycle and coupled to the at least a memory circuit, the at least a pointer register, and the 
control block, wherein the read operation accesses a region in the memory circuit that is 
addressed by the target pointer address within a single clock cycle. 

8. A method of pointer based addressing comprising the steps of: 
providing at least a pointer memory; 
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providing at least a pointer register; 

storing of a pointer address data in the at least a pointer memory; and, 
upon storing of a pointer address data in the at least a pointer memory, 

automatically storing a duplicate pointer address data, which is a duplicate of the pointer 

addiess data, in the at least a pointer register. 

9. A metiiod according to claim 8, wherein the step of automatically storing is 
performed within a same clock cycle as the step of storing. 

10. A mettiod according to claim 8, wherein the step of automatically storing is 
performed after the step of storing such fliat the pointer memory is other than accessible 
by other operations until the step of automatically storing is completed. 

11. A method according to claim 8, comprising the step of detecting all changes to the 
at least a pointer memory for automatically storing the duplicate pointer address data. 

12. A method according to claim 8, comprising the steps of: 

receiving a memory access request to a memory location within a memory for 
retrieving of data stored at the memory location addressed by the pointer address; 

retrieving of the duplicate pointer address data from the pointer register, and, 
accessing the memory using a target pointer address derived from the duplicate 
pointer address data and other than using a target pointer address derived from the pointer 
address data stored in the at least a pointer memory. 

13. A method according to claim 12, comprising the step of providing a clock circuit 
having a clock cycle, viierein the steps of receiving, retrieving and accessing are 
performed in a single clock cycle. 

14. A me&od according to claim 12, comprising the step of writing back the target 
pointer address to the pointer register and to the pointer memory. 
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15. A method according to claim 12, comprising the step of detecting all changes to 
the at least a pointer memory for automatically storing the duplicate pointer address data. 

16. A method according to claim 12, wherein the at least a pointer register comprises 
a plurality of pointer registers, wherein the step of accessing comprises the step of 
multiplexing of the pointer address data stored in the plurality of pointer registers to form 
the target pointer address for accessing of the random access memory. 

17. A storage medium having data stored thereon, the data for implementation of a 
processing system comprising: 

first instruction data for providing at least a pointer memory; 

second instruction data for providing at least a pointer register; 

third instruction data for upon storing of a pointer address in the at least a pointer 
memory, automatically storing a duplicate pointer address, which is a duplicate of the 
pointer address, in the at least a pointer regist^; 

fourth instraction data for receiving a memory access request to a memory 
location within a memory for retrieving of data stored at the memory location addressed 
by the pointer address; 

fifth instraction data for retrieving of the duplicate pointer address from the at 
least a pointer register, and, 

sixth instruction data for accessing the memory using a target pointer address 
derived firom the duplicate pointer address and other than using a target pointer address 
derived firom the pointer address stored in the at least a pointer memory. 
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Abstract 



All Pointer-based accesses require first that the value contained in a pointer register to be 
read and then that value be used as an address to tiie appropriate region in random access 
memory (RAM). As implemented today, this requires two memory read access cycles, 
each of which takes at least one clock cycle and therefore tiiis implementation does not 
allow single cycle operation. In accordance with an embodiment of the invention, when 
an access is performed to pointer memory to read the contents of a pointer, it is the 
shadow memory that is actually read and that returns the pointer value. Since the shadow 
memory is made up of registers, a read access involves mutliplexing out of appropriate 
data for the pointer address from these i>ointer registers to form a target pomter address. 
This target pointer address is then used as an address to access RAM without the 
overhead of a clock, since the register access is purely combinatorial and does not require 
clock-phase related timing as does access to the RAM. 
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